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NOTICES

When Government drawings, specifications, or other data are used for any
purpose other than a definitely related Govermnment procurement operation, the
Government thereby incurs no responsibility nor any obligation whatsoever.
The fact that the Govermment may have formulated, or in any way supplied the
said drawings, specifications, or other data, is not to be regarded by impli-
cation, or otherwise, as in any manner licensing the holder or any other
person or corporation; or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be related thereto.

The mention of trade names or commercial products in this publication is for

illustration purposes and does not constitute endorsement or recommendation
for use by the United States Air Force.

Do not return this copy. Retain or destroy.

Please do not request copies of this report from the USAF Occupational and
Envirommental Health Laboratory. Additional copies may be purchased from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Government agencies and their contractors registered with the DTIC should
direct requests for copies of this report to:

Defense Technical Information Center (DTIC)
Cameron Station
Alexandria, Virginia 22314

This report has been reviewed by the Public Affairs Office and is releasable
to the National Technical Information Service (NTIS). At NTIS, it will be
available to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.
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I. INTRODUCTION

On 3 Feb 84, the Air National Guard Support Center (ANGSC/SGB), Andrews
AFB, Washington DC, requested the USAF Occupational and Environmental Health
Laboratory (USAF OEHL) conduct an on-site wastewater treatment plant (WTP)
survey to evaluate the efficiency of the plant. In addition, they requested
USAF OEHL provide the materials mnecessary to collect, preserve and ship water
samples from five monitoring wells at the site. A survey was conducted at
Otis ANG Base between 16 and 21 Mar 84 to accomplish these tasks.

The objectives of the survey were to: (1) characterize the wastewater
influent, (2) determine the loadings and removal efficiencies of the plant,
(3) identify problem areas, and (4) recommend possible solutions. The para-
meters of particular interest to the base were Ammonia-Nitrogen, Nitrate-

. Nitrogen, Biochemical Oxygen Demand (BOD), Phosphorus, Iron, Alkalinity,
- Sodium, Total Dissolved Solids (TDS), Total Kjeldahl Nitrogen, and Coliforms,

4
! II. BACKGROUND

A. Introduction

Otis ANG Base, home of the 102 Fighter Interceptor Wing, is approxi-
mately 60 miles southeast of Boston MA., The effective population was spproxi-
mately 2,600 during the survey. The population increases to an average of
about 3,500 during the summer months when troops arrive for traiming,

Climgtic data for Otis includes an annual daily maximum temperature of
57°F and a mean precipitation of 47.8 inches. Precipitation during the survey
averaged 0.25 inches/day. Daily production of drinking water during the same
period averaged 434,750 gallons per day (gpd).

( The WIP has been in operation since 1941, The plant underwent major
modifications to the flow meters, discharge valves and recomstruction of sand
beds in Sep 83. The facility consists of a comminutor, parshall flume, skim-
ming tank, Imhoff tank, two high rate trickling filters, two final settling
tanks, sand filters (percolation beds) and sludge drying beds. A flow diagram
of the plant is shown in Figure 1, which excludes the sludge drying beds.

Flow data from Oct 81 to Mar 82 indicate that the average wastewater
volume treated was 0.5 million gallons daily (mgd) with a peak flow of 1.0
mgd. The new flow meters indicate the average flow is closer to 0.3 mgd, with
a peak flow of approximately 0.6 mgd.

B. Facility Description

.
= e
-
i
-
»

All the influent wastewater flows through the bar screem or commi-
nutor shown in Photo 1. Our flow measuring device was installed adjaceat to

.Y
4

o the parshall flume as shown in Photo 2. The parshall flume is 9 inches in

‘-:' width, RS
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FIGURE 1
Oti{s AN( Base Wastewater Treatment Plant Plan View
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Photo 1:

Photo 2:

Bar screen and Comminutor, Otis ANG Base Wastewater
Treatment Facility, Mar 84.

Parshall Flume, Otis ANG Base Wastewater Treatment
Facility, Mar 84,
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The purpose of the skimming tank, shown in Photo 3, is to remove o0il
o and grease and other floating materials from the wastewater before further
o treatment, Compressed air is used to aid in the formation of floating mate-
rials and prevent deposition of solids.

T
y
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Photo 3: Groase Skimming Tank, Otis ANG Base Wastewater Treatment
Facility, Mar 84,

DALY  antes
P oo e

B
4

T

.

.

K]

i)

-

b e e e . i

R ST R OIS  OL RPSIS AN NP, SR SR S Y -~ s e el e - . & e et ataa -~ - -




.............

The Imhoff tanks, shown in Photo 4, are designed to remove soettleable
solids and digest the accumulated sludge. The frequency of sludge removal
from the Imhoff is estimated to be once a year. The Imhoff tanks have a vol-
ume of 153,000 gal and a surface ares of 4,500 ft2 each.

Photo 4: Imhoff Tanks, Otis ANG Base Wastewater Treatmont Facility,
Mar 84.
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The effluent from the Imhoff tanks drains into ome of two high rate .
trickling filters (see Photo 5). Each trickling filter has a surface area of
7.854 £t3, a filter media depth of 3 feet and a filter media volume of 23,560
ft?, They are designed for a hydraulic loading of approximately 16 mgd/acre-
ft (367 gpd/fts) and an organic loading of 25-300 lbs BOD/1000 ft? day. Photo
6 shows the stome media used in the trickling filter, and the nozzles which
distribute the wastewater over the media.

Photo 5: East Trickling Filter, Otis ANG Base Wastewater Troatment
Facility, Mar 84.
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Photo 6: Filter Media, Otis ANG Base Wastewator Treatment Facility,
Mar 84.
1
SRR 32 RO I el e e P e e el L e L




.

The effluent of the trickling filter them enters the final settling
tank, which is a circular upflow unit (see Photo 7). The tank has a volume
of 257,000 gal, a surface area of 4,299 ft2, and a weir length of 233 ft. A
portion of the effluent is recirculated to the Imhoff tank (see "Results and
Discussions" section).

Photo 7: East Final Setting Tank, Otis ANG Base Wastewater Treatment
Facility, Mar 84.

The recirculation flow is controlled by three pumps., The capacities
of the pumps are 1,000, 2,000 and 3,000 gallons per minute (gpm). Pumps can
be operated separately or together, as the influent wastewater volume varies,
to optimize the treatment process., The 2,000 gpm pump is normally used by
plant operators. On March 20 the 2,000 gpm recirculation pump was shut down
and the 1,000 gpm pump was put into operation. This was done primarily to
reduce the hydraulic loading of the trickling filter and to increase the
detention time in the final settling tanks. The biomass on the trickling
filter media was not able to acclimate to this new loading in the remaining
time of the survey. Normally, several weeks are required for a biological
system to adapt to new steady state conditions, However, it did show that the
lower loading could evenly distribute flow throughout the day.
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Rocent modifications to the facility included equipment to chlorinate but o
not the installation of a chlorine contact tank. Chlorine is not presently
being added. The travel time in the distridbution pipes to the sand filters
provides "contact time" for disinfection, Civil Engineering personnel have o
determined that at a flow rate of approximately 250,000 gpd, the time of o
travel in the distribution lines, was 24 minutes. However, mixing may not be °
sufficient for effective disinfection,
The effluent from the plant discharges to a natural sand formation
(Photos 8-11) and becomes groundwater recharge. Photos 8 and 9 show four old Lol
sand beds that were in use before the plant modification (beds 1 through 4 in ol
Figure 2). A new piping system was installed and eight sand beds rehabili- e
tated to use a larger segment of the formation and to increase the capacity ' 'f
for discharge (Photos 10 and 11). This added eight new sand beds (No. §
through 12), each with a capacity similar to the old beds of 100,000 gpd, Use
of beds 1 through 4 will be discontinued. Therefore, the total capacity will i} y
be approximately 0.8 mgd. o]
LS z_.- -
e
:.‘I_ . '_. "J
]
—;-:-;-—JJ
-0
TR
R
37-..!;—-:;-_».'4
.:_:1
-
]




AN, WL N1

T~
Loy
/s\ /x/O

,io
(€1-9L 320dax IOHM uo

1¥388Q) ISK 3933 ‘anojuod
31493 193ma ajEwyxoadde — ™ =~ |¢

Figure 2: Approximate Location ef Monitoring ,
Wells, Otis ANG Wastewater Treatment Facility, Mavch 1984

UOTIeAlT® pue 1 T1oAM .00}

gurao3Tuow 233vmpuncild @ \

30 uop3e0T Ijvwyxoxdde

anavan
écv

/

vy c1Mam HNIJOLINOW
SteF

)

¢’ \\ NOUNYT 3WWXCdday

10




.
Lt

VR

PP PR

NP

et

n
-

-

' 8
ats

PO

B S -

N

Photos 8-9: 014 Sand Beds, Otis ANG Base Wastewater Treatment Facility,
Mar 84.
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Photos 10-11: Rehabilitated Sand Beds, Otis ANG Base Wastewater Treatment
Facility, Mar 84,
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Photo 12: Sludge Drying Beds, Otis ANG Base Wastewater Treatment Facil-
ity, Mar 84. .

Until Jun 84, effluent from the facility was distributed to only one -
of the old sand filters at a time, The effluent was alternated between beds 3 R
and 4 principally, and infrequently to beds 1 and 2 (see Photo 3). The period e
that one particular bed was used varied from one week to several months, with S
no real criteria used for switching to another bed. Beginning Jun 84, the C
effluent will be distributed to the eight rehabilitated sand beds (Figure 2). ®
The method of distributing the effluent will be changed so that only § : N
gal/ft3/day of effluent will pass through a filter (a decrease from the 15-20 —
sal/ft3/day now applied). The distribution mechanism was automated to R
facilitate this operation. . i

Sludge from the Imhoff tank is discharged to a new sludge drying bed e
and s leschate collection pond that has a 50,000 gal capacity (Figure 2). .
Each has & surface area of approximately 4,500 ft2, Leachate that is
collected is pumped to the Imhoff tank. The weather dried sludge is disposed
... of in the sanitary landfill located on base., Base personnel are in the

R process of bringing the landfill into compliance with state requirements,
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C. Groundwater Monitorinmg Requirements

The Division of Water Pollution Control (DWPC) for the State of
Massachusetts issued a draft groundwater discharge permit to Otis ANG Base
on 9 Mar 84, The permit does not have the "weight" of an interim or final
permit, but it is intended to provide a starting point for all concerned to
reach an equitable arrangement. The DWPC determined that the "operation of
the wastewater facility has resulted in the extension of an effluent plume
zone of influence whose impact has led to the closure of s Falmouth municipal
water supply source.™ A specific concern of the DWPC is the inadequate disin-
: fection of the effluent, and they require the facility to be upgraded. Other
| concerns are the discharge of nitrogen and phosphorus. The discharge permit
issued includes limits applicable both before and after any required modifica-
tions (see Table I). Some parameters specified to be monitored after modifi-
cations have been made did not have limits established and/or sampling techni-
que specified.

Otis ANG Base is also required to monitor five monitoring wells locat-
ed as shown in Figure 2. These wells were installed as the result of a memo-
randum of agreement (MOU) between the U.S. Environmental Protection Agency and
the Air Force on 31 Aug 83. The U.S. EPA was concerned about mnitrate levels
in the groundwater that may result from the effluent of the facility. Well
installation was completed in Dec 84 and they are sampled on a weekly basis in
accordance with the MOU.

The DWPC Draft Discharge Permit, in addition to the effluent require-
ments, also requires at least three wells to be installed to monitor the sand
beds. The analyses required are shown in Table II. Maximum contaminmant
levels have not been set by the state for these parameters. The wells instal-
led as a result of the MOU may also fulfill the state’s requirements,

III. METRODS AND MATERIALS e

Influent flows were monitored continuously using a Manning F-3000A flow- o
meter. The flow measuring device was calibrated at 6.03 inches maximum liquid ".“771
level. The plant ultrasonic level transmitter flow measuring device was also
installed in the parshall flume. Recirculation flow rates were determined
from the digital flow meter at the pump locations.

Four sampling locations were established in the treatment facility. These o
sites are listed in Table III and shown in Figure 1. Collection of daily com- "L_"T
posite samples was accomplished at Stations 1-4, Equipment used for this pur-
pose were the ISO0 Automatic Wastewater Composite samplers, Model 2100 and
1580, Also, daily grab samples were collected for those analyses requiring
this type of collection.

Our team performed BOD-5, total suspended solids, total dissolved solids,
total coliform, orthophosphate, pH, temperature, and dissolved oxygen tests
on-site. Other chemical analyses were conducted at the USAF OEHL, Brooks AFB
TX. Unit processes and operations were evaluated mainly by determining BOD-S
and TSS reduction because design criteria are available for these parameters,

14
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Chemical analyses for the water samples collected from the momitoring wells
were also conducted at USAF OEHL. All analyses were performed in accordance
with Standard Methods for the Examination of Water and Wastewater, 15th Ed.,
1980 and U.S. EPA approved analytical metnods.

Table 1

Draft Discharge Permit Requirements for Otis ANG Base
Vastowater Treatmeat Plant, 9 Mar 84

Discharge Limitations

Modification Sampling
Effiuent Characteristics Beforxe After Freg. Iype*
Flow cu., m/day (mgd) 0.8 0.8 daily weir
Biochemical Oxygen Demand-5 day (mg/L) 30 30 2 x week 8-comp
Total Suspended Solids (mg/L) 30 30 2 x week 8-comp
Total Coliform Bacteria (organisms/ 1000 1000 weekly grab

100 mL)

Settleable Solids (mL/L) 0.1 0.1 daily grab
pH (units) 6.5-8.5 6.5-8.5 daily grab
Nitrate-Nitrogen as N (mg/L) NA 10.0 weekly 8-comp
Total Nitrogen as N (mg/L) NA 10.0 ss se
Total Kjeldhal Nitrogen as N (mg/L) NA NA monthly 8-comp
Ammonia as N (mg/L) NA NA veekly 8-comp
Phosphorus (mg/L) NA 1.0 e e
Oils & Grease (mg/L) NA 15.0 LA LA
Fluoride (mg/L) NA 2.4 e .
Chlorine (mg/L) NA 1.0 daily grabd
Boron (mg/L) NA 20.0 monthly grab
MBAS (mg/L) NA 1.0 monthly 8-~comp

B -comp refers to 8—hour composite samples
s*Effluent standard was included in the permit but sampling information was
not.
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. Table 1I

N Draft Disesharge Permit Requirements for Otis ANG Base
- Momitoring Wells, 9 Mar 84

¥ _Chemical Anslvsis ling Freguen
Arsenic 1 x annually
Total Trihalomethanes 1 x annually
Lead 1 x annually
Merxcury 1 x annually
Ammonia Nitrogen 1 x monthly
Nitrate Nitrogen 1 x monthly
Nitrite Nitrogen 1 x monthly
Sodium 1 x monthly
pH 1 x monthly
Specific Conductance 1 x monthly
Chloride 1 x monthly
Static Water Level 1 x monthly
Total Dissolved Solids 1 x annually
MBAS 1 x annually
Total Coliform 1 x annually
Barium 1 x annually
Cadmium 1 x annually
Chromium 1 x annually
Selenium 1 x annusally
Silver 1 x annually
Total Phosphorus 1 x annually
Boxron 1 x annually
Total Volatile Organics 1 x annually
Iron 1 x annually
Manganese 1 x annually

Table II1I

Sample Locations Used for the VWastevater Treatmeat Plaat Evaluatioa
Otis ANG Base, Mareh 1984

3 Station Lecatiop®
E 1 Influent
g 2 Imboff Tank Effluent
3 Trickling Filter Effluent
4 Final Settling Tank Effluent

%goe Figure 1
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IV. RESULYS AND DISCUSSIONS

A. Flow Measurements

The average daily influent flow rate was found to be 0.23 mgd (159
gpm) , which represents a water use rate of approximately 90 gal/capita-day.

The correlation between our flow measuring device and the facility's flow
rocorder was excellent, Figure 3 shows the average hourly variation in the
influent flow rate which is typical of a small community.
2,5
1
N,
2.0 R
i ‘\\‘m RaX
J " \\(' \\
~ '
8 5 ) \
% 10 '
2 X ! \
-y 4 A '
A [} ’
\
2 1.0 ;Hé
B v
0.5
0 v L4 6 L —'12 v |1 v 624

TIME (Houés)

Figure 3. Average Hourly Influent Flow Rates, Otis ANG Base Wastewater Treat-
moent Facility Evaluation, Mar 84

The recirculation flow while the 2,000 gpm pump was running was 2.25 mgd
(1,560 gpm) and averaged 1.68 mgd (1,170 gpm) when the 1,000 gpm pump was
operating. Therefore, the average total flow through the facility itself was
2.48 mgd with the 2,000 gpm pump and 1.91 mgd with the 1,000 gpm pump.

The recirculation ratio (the recirculated flow to the average influent
flow) was 9.8 for the 2000 gpm pump and 7.3 for the 1000 gpm pump. The normal
range for recirculation ratios is 0.5 to 4.0, A ratio of greater than 4 does
not materially increase the efficiency of the filters(l)., The high recircula-
tion rate is necessary, however, at Otis because the hydraunlic loading through
the trickling filters needs to be maintained (see Section IV.C.).
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B. WVastewater Characterization

Table IV summarizes the results of the chemical analyses requested by
the base from samples taken during the survey. The wastewater entering the
facility can be characterized as a light strength municipal waste, with aver—
age organic content, as indicated by the BOD-5 concentration of 130 mg/L.

C. PFacility Performance

The removal efficiencies for each process are shown in Table IV.
Overall removal of BOD-5 and TSS were 89 and 97 percent, respectively, which
is unusually high for this type of plant. These high removal efficiencies may
be because the organics are in a suspended solid form, or particles (which are
more amenable to removal by sedimentation) rather than a soluble form which
would require biological oxidation. The results, however, also indicate that
the high recirculation rate to the Imhoff diluted the influent wastewater.
Because of the dilution, the trickling filter/secondary clarifier efficiency
was reduced. This is shown by the removal of only 27 percent of the BOD-S
through these processes. According to the NRC Formula (1) (developed as a
result of extensive analysis of operational records of stone media filters
serving military installations), the efficiency should have been approximately
85 percent, The reduced efficiency was probably due to the low BOD-5 concen-
tration entering the trickling filter (omly 18 mg/L). The reduced performance
of the trickling filter is also important when considering the other chemical e
parameters, such as ammonia and phosphorus. ’ -

The parameters which exceeded the permit standards were Total Kjeldahl
Nitrogen (TEN),  Total Phosphorus and coliforms, Ammonia represents all of
the organic nitrogen entering the plant (TKN equals Ammonia, which is included
in the TEN analyses). Only 34 percent of the influent ammonia was oxidized
during treatment. The poor oxidation of ammonia is largely due to the less
than optimum environmental conditions or parameters. Three of these important
parametors in the nitrification process (ammonia oxidation) are temperature,
pH and detention time. Optimum pH is near 8.4, and the nitrification rate is
reduced at temperatures of about 8°C. Three years of operational data indi- RO
cate a seasonal variation in the degree of nitrification due to fluctuations "®
in temperature. Appendix I shows the results of on-site analyses. Tempera- B
ture values were less than 8°C and the pH averaged approximately 7.5. The -
nitrification process was further hindered by the reduced detention time
provided by a high rate trickling filter,

Phosphorus and coliforms were not reduced in the facility because the ". '
processes and operations necessary to do so are not used at the plant, Chemi- ;
cal precipitation would be necessary to reduce phosphorus, and chlorination
(or other suitable disinfectant) is necessary to reduce the coliform count,
(The coliform anaslyses show an average of 332,233 colonies/100 mL was in the
effluent).
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Table IV

Unit Process Removal Efficiencies for Otis ANG Base
VWastewater Treatmeat Facility, March 1984¢

STATION
Present %
z er - . 2 I 4 Standaxds Removal

BOD-5 130 18 13 13 30 90
Nitrogen, Total Kjeldahl 27 -20 18 18 NA 33
Ammonia 27 20 17 17 NA 37
Nitrate 2 2 2 2 NA 0
Total phosphorus (as P) 4 4 3 4 NA 0
Oxtho-phosphate (as P) 23 23 23 23 NA 0
TSS 120 14 4 4 30 97
DS 103 93 80 107 NA NA
Iron 0.56 0.25 0.34 0.23 NA 59
Sodium 36 37 37 36 NA NA
Alkalinity 98 57 43 25 NA NA

Coliforms NA NA NA 338,333 1,000 NA

®Al11 units are mg/L except coliform which is colonies/100 mL.

The facility was further evaluated by determining the loading param—
eters shown in Table V. The values were calculated using both recirculation
rates for comparison. In general, the 2,000 gpm recirculation rate resulted
in better loadings than the 1,000 gpm pump. All loadings, however, could be
considered normal, except for the organic loading of the trickling filter.
This result helps substantiate the earlier findings of reduced BOD-5 removal
in the trickling filter, and most likely contributed to the unfavorable envi-
ronmental conditions in limiting the reduction of the ammonia concentration,

D. Vell Data

The analytical results of the well samples taken during the survey
are given in Appendix II. Samples were taken at five points in the well,
These values are averaged for each well and are presented at the end of the
Appendix.
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Table V

Unit Process Loadiag Parameters for Otis ANG
Vastewater Treatmeant Facility, March 1984

Lhapa  Dwc e Al

Actual Loading

Recirculation Recommended @
Process Units 2,000 1,000 Loading® o
Imhoff tank
Surface Loading gpd/ft2 551 424 500-700 —
Detention Time Avg, hours 1.5 2.0 1.5-2.5 :’« -
Trickling Filter
Hydraulic Loading gpd/ft2 315 243 230-900 T
Organic Loading 1bs BOD-5/day/ 16 12 25-300 e
1000-ft? = .
Final Settling Tank S
Surface Loading gpd/ft3 5717 444 500-700
Weir Loading gpd/ft 10,644 8197 {15,000  .
*Water Pollution Control Federatiom ;Zj;f
V. OBSERVATIONS AND CONCLUSIONS o

A. The plant is meeting all current applicable draft permit requirements
(Table I, "before™) except total coliform bacteria.

B. The facility may not meet future permit requirements for Total Nitro-
gen and phosphorus, unless modifications are made to either the facility or
the permit requirements. In addition, the chemicals monitored did not include e
oil and grease, fluoride, boron or MBAS. Therefore, conclusions conceraming g .
these chemicals cannot be made at this time.

C. The plant is under utilized even when considering the increased flows RN
that occur in the summer months. Half the plant can handle 1.5 mgd, and the =."‘
average influent flow was found to be only 0.23 mgd.

D. There are sufficient controls, i.e,, recirculation pumps, to handle
varying waste loads,

E. The recirculation rate, while providing good hydraulic loading, is 3":~
excessive and dilutes the orgamics concentration, i,e., BOD, which is -
necessary for optimum efficiency of the trickling filter, -

F. The lack of disinfection is causing sxcessive coliform counts,
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VI. RECOMMENDAYIONS

A. Continue discussions with the state to obtain agreeable standards for RN
the permit, especially for phosphorus and coliforms. j-}j:f

B. Consider the installation of a chlorinmation tank, not only to reduce L 9
coliform counts. but also to aid in the oxidation of ammonia (and, therefore, N
TKN) during the winter months., A chlorination tank would probably provide
better conditions for disinfection and ammonia reduction, because of the
increased mixing provided by a baffle system. If a unit is installed, at
least 20 minutes contact time should be provided.

C. By-passing some of the flow through the Imhoff tank or reducing the
detention time in the Imhoff should be comnsidered in order to increase the
organic loading to the trickling filter. This should increase the organmic
loading on the filter and stimulate the growth of biomass. Better assimila-
tion of phosphates should result.

D. In the future if the final discharge permit includes o0il and
grease, fluoride, borom, and MBAS, the USAF OEHL can provide sample containers
and analytical services for these anmalyses,

21
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LIST OF ABBREVIATIONS

-Air National Guard

-Air National Guard Support Center,
Andrews AFB ND 20331

-Five day, 20°C, Biochemical Oxygen
Demand

-Square foet

=Cubic feet

-Fighter Interceptor Wing
-gallons

—gallons per day

~gallons per minute
—inches

-pounds

—Methylene Blue Alkyl Sulfonates
-million gallons per day
-milligrams per liter
~milliliters

~National Research Coumncil
~Total Dissolved Solids
-Total Suspended Solids
-micrograms per liter

~United States Environmental Protec-—
tion Agency

~United States Air Force Occupational
and Environmenta]l Health Laboratory,
Brooks AFB TX 78235

~VWastewater Treatment Plant
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APPENDIX I

ON-SITE ANALYTICAL TESTS RESULTS OTIS ANG

BASE WASTEWATER PLANT EVALUATION, MARCH 1984
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APPENDIX II

WELL SAMPLING ANALYTICAL RESULTS OTIS ANG
BASE WASTEWATER PLANT EVALUATION, MARCH 1984
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Brooks AFB TX 178235
[SAMPLE 1DENTITY BATE RECEIVED
WATER Well No. 1 27 Mar 84
[SAMPLE FROM AN CONTROU NN

Otis ANG Base, MA
[TEST FOR

VOLATILE HALOCARBONS

—
DATE

LABORATORY ANALYSIS REPORT AND RECORD (General) 24 Apr 84

METHODOLOGY: EPA METHOD 601
OEHL # 16485 16486 16487 16488 16489
BASE # GN840221 GN840222 ON840223 GN840224 GN84022S

3

Bromodichloromethane
Bromoform

Bromomethane

Carbon Tetrachloride
Chlorobenzene
Chlorcethane
2-Chloroethylvinyl ether
Chloroform
Chloromethane
Dibromochloromethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
c¢is-1,3-Dichloropropene
trans-~1,3-Dichloropropene
Methylene Chloride
1,1,2,2-Tetrachloroethans
Tetrachloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
Vinyl Chloride

. e o & o o @ & ¢ & o o @

558555558565555888

Q
)

w
[ ]

6555585855555 5855858868885

w
L]
»

55588888

(7}
L]
[
o
.
L -

6555855555655 5558558855555588
55558555855 65565855655888555588
8555856558555 585555858555888
©0000000000000000000000000R00 [

RESULTS IN NICROGRANS PER
ND - NONE DETECTED, LESS
TRACE - PRESENT BUT LESS

3
gsa

ION LIMIT e
UANTITATIVE LIMIT AR

R

LeROY P. GEORGE, GS-12
Chief, Trace Organics Section

REQUESTING AGENCY (Mailing Address)

BROOKS AFB TX SRS

L EA—— ————— L —— - . T
AMD 520", 641 mepLACES OENL FORM 7,DEC 78, WHICH IS OBBOLETE, DRSS
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: | DATE :'-:'_::}::f
i F LABORATORY ANALYSIS REPORT AND RECORD (General) 25 Apr 84 .
i 0: : . ¥
g Brooks AFB TX 78235 T
:'.: [SAMPLE IDENTITY b :
WATER Well No. 1 27 Mar 84 ]
o SAM v H
. Otis ANG Base, MA
. TEST F
VOLATILE AROMATICS
. METHODOLOGY: EPA 602
i OEHL # 16490 16491 16492 16493 16494
BASE # GN840226  GN840227  GN840228  GN840229  GN840230 )
. BENZENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0 R
g CHLOROBENZENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0
I 1,2-DICHLOROBENZENE ND<2.0 ND<2,0 ND<2.0 ND<2.0 ND<2.0 .
' 1,3-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND(2.0
- 1,4-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0 N
F.' ETHYLBENZENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0 .
TOLUENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0 D
P RESULTS IN MICROGRANS PER LITER
5 ND - NONE DETECTED, LESS THAN THE DETECTION LINMIT
e TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LIMIT
v
LEROY P. GRORGE T
Chief, Trace Organics Section ; ‘:
y ERIC A. BANKS, 1Lt, USAF L
= Chemist, Trace Organiocs Section @ _
e S
L .
- REQUESTING AGENCY (Mailing Addrasa) C
R
L o
- USAF OEHL/ECQ ]
3 BROOKS AFB TX 78235 Lo
L S
" AMD 98, 641 merLACES OZHL FORM 7,DEC 78, WHICH IS OBSOLETE. : "-:;'_
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LABORATORY ANALYS:iS REPORT AND RECORD (General)

75,

¥ROW: USAF UEAL7SX

DATE

24 Apr 84 44?

Brooks AFB TX 78235

SAMPLE IDENTITY

WATER  we1l No. 2

BATE RECEIVED ]

27 Nar 84

SAMPLE FROM

Otis ANG Base, MA

AW TONYRST N~

TEST FOR

VOLATILE HALOCARBONS

METHODOLOGY: EPA METHOD 601

OEHL #
BASE #

Bromodichloromethane
Bromoform

Bromomethane

Cardbon Tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl ether
Chloroform

Chloromethane
Dibromochloromethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichlorogthene
trans—1,2-Dichloroethene
1,2-Dichloropropane
cis—-1,3-Dichloropropene
trans—1,3-Dichloropropene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
Vinyl Chloride

16475
GN840211

585555558858 8888

-
L
o

5555555558

RESULTS IN MICROGRANS PER LITER
ND - NONE DETECTED, LESS THAN THE DETECTION LINMIT
TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LIMIT

REQUESTING AGENCY (Mailing Addreas)

BROOKS AFB TX

16476
GN840212

EEEEELEEE5EEE58EEE5EEEEEES

E
.
»

CEEEE

- 16477 16478

GN840213 GN840214

555558585585555358

- By
-3

55555°5555555555555555555585
~552E55553
558583

&8

LeROY P. GEORGE, GS-
Chief, Trace Organic

16479 DET.
GN840215 LIMIT

EEEEE 5855855585588 88888

N
.
o

QOO OCOLOOOODOOLOOOOOLOOLCOLOOOOOCOMOO
DN b g b b bt bt DD DN N = bt = NN NN R NN O N

12
s Section

AMD 0%, 641 merLACES OEHL FORM 7,0EC 78, WHICH IS OBSOLETE .,
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2 DATE R

3 L LABORATORY ANALYSIS REPORT AND RECORD (General) 25 Apr 84 - -"

: TO : o '

- : Brooks AFB TX 78235 .

- SAMPLE WDENTITY BATERECETVES ] -

- WATER Well No. 2 27 MNar 84 B

x SAMPBLE FAOM LA T R

Otis ANG Base, MA —

- Fesvrom LI

VOLATILE AROMATICS

4 .

- SR

N METHODOLOGY: EPA 602 R

OEHL # 16480 16481 16482 16483 16484 ——d

BASE # GN840216 GN840217 GN840218 GN840219 GN840220 2

g BENZENE ND<1.0 ND<1.0 1.6 ND<1.0 ND(1.0 ]

E CHLOROBENZENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0 }

1,2-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0 8
1,3-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0 '

1,4-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0 - :

—d

ETHYLBENZENE ND<1.0 ND<1.0 ND<1.0 ND(1.0 ND(<1.0 L2 -4

o g

TOLUENE 1.1 ND<1.0 ND<1.0 ND<1.0 ND<1.0

RESULTS IN NICROGRANS PER LITER
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT
TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LINIT

LEROY P. GEORGE
Chief, Trace Organics Section

ERIC A. BANKS, 1Lt, USAF

Chemist, Trace Organics Section ®_J
o

e

REQUESTING AGENCY (Mailling Address) . - -
: :1

USAF OEHL/ECQ P
BROOKS AFB TX 78235 R
AMD 502%. 64) mEPLACES OEHL FORM 7, DEC 78, WHICH IS ORSOLETE. SR
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LABORATORY ANALYSIS REPORT AND RECORD (General) ¥ \pr 84 r v-—,—-—-]

o " USAF OHHL/SA L
Brooks AFB TX 78235 Sl :
FSAMPLE IDENTITY BAYTRECEIVED R
WATER Well No. 3 27 Mar 84 ST
[SAMPLE FROM T RN
Otis ANG Base, MA o
TEST FOR
VOLATILE HALOCARBONS
METHODOLOGY: EPA METHOD 601
OEHL # 16465 16466 16467 16468 16469 DET.
BASE # GN840201 GN840202 GN840203 GN840204 GN840205 LIMIT v
Bromodichloromethane ND ND ND ND ND 0.1 coi ]
Bromoform ND ND ND ND ND 0.2 R
Bromomethane ND ND ND ND ND 1.0 SRR
Carbon Tetrachloride ND ND ND ND ND 0.1 PUNSREEE
Chlorobenzene ND ND ND ND ND 0.2 . R
Chloroethane ND ND ND ND ND 0.5 -
2-Chloroethylvinyl ether ND ND ND ND ND 0.1 R
Chloroform ND ND ND ND ND 0.1 . |
Chloromethane ND ND ND ND ND 0.1 B
Dibromochloromethane ND ND ND ND ND 0.1 e e
1,2-Dichlorobenzene ND ND ND ND ND 0.2 -8
1,3-Dichlorobenzene ND ND ND ND ND 0.2 w
1,4-Dichlorobenzene ND ND ND ND ND 0.2 T
Dichlorodifluoromethane ND ND ND ND ND 0.1 RERTI
1,1-Dichloroethane ND ND ND ND ND 0.2 L
1,2-pichloroethane ND ND ND ND ND 0.2 PN
1,1-Dichloroethene ND ND ND ND ND 0.1 o
trans—1,2-Dichloroethene 61 67 68 99 135 0.1
1,2-Dichloropropane ND ND ND ND ND 0.1
cis-1,3-Dichloropropene ND ND ND ND ND 0.2
trans~1,3-Dichloropropene ND ND ND ND ND 0.2
Methylene Chloride ND ND ND ND ND 0.2 .
1,1,2,2-Tetrachloroethane ND ND ND ND ND 0.1 e
Tetrachloroethylene 4.5 4.8 5.5 7.7 8.0 0.1 SRR
1,1,1-Trichloroethane ND ND ND ND ND 0.1 T
1,1,2-Trichloroethane ND ND ND ND ND 0.1 SRR
Trichloroethylene ND ND ND 1.1 1.3 0.1
Trichlorofluoromethane ND ND ND ND ND 0.1 o
Vinyl Chloride ND ND ND ND ND 0.2 -9
RESULTS IN MICROGRAMS PER LITER
ND - NONE DETECTED, LESS THAN THE DETECTION LINIT
TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LIMIT
LeROY P. GEORGE, GS-12 . -9
Chief, Trace Organics Section e
REQUESTING AGENCY (Mailing Address)
BROOKS AFB TX

AMD 520%. 641 ReEPLACES OEWL FORM 7,DEC 78, WHICH IS OBROLETE,
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" | DATE
§ L LABORATORY ANALYSIS REPORT AND RECORD (General) 25 Apr 84
! TO: : L
] Brooks AFB TX 78235 SRR
; "SAMPLE TDENTITY . “DATE RETETVED L
; WATER Well no. 3 27 Mar 84 ‘ -V.'._’fj:-.
‘ [SAMPLE FROM LXB TONTHOL VR RO
F Otis ANG Base, MA . @
. | i -
o TEST FOR )
e VOLATILE AROMATICS
3
L. METHODOLOGY: EPA 602
OEHL # 16470 16471 16472 16473 16474
BASE # GN840206 GN840207 GN840208 GN840209 GN840210
BENZENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0
CHLOROBENZENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0 i
-
1,2-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0 Co "4
1,3-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0
1,4-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0
ETHYLBENZENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0
TOLUENE ND<1.0 1.1 ND<1.0 2.0 ND<1.0
RESULTS IN MICROGRAMS PER LITER R
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT PRUES
TRACE ~ PRESENT BUT LESS THAN THE QUANTITATIVE LIMIT 2 o
e
LEROY P. GEORGE S
Chief, Trace Organics Section S
ERIC A. BANKS, 1Lt, USAF P
Chemist, Trace Organics Section AT
REQUESTING AGENCY (Mailing Addreas) j
S
USAF OEHL/ECQ
BROOKS AFB TX 78235
> N S
AMD 02", 641 merLacES OEWL FORM 7,DEC 78, WHICH IS OBBOLETE.
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SAMPLE FROM

LABORATORY ANALYSIS REPORT AND RECORD (General) DAzT: Apr 84 1
"FRON: USAF UEHL7SK™
Brooks AFB TX 78235
BATERECEIVES

SAMPLE IDENTITY

WATER Well No. 4

27 Mar 84

Otis ANG Base, MA

CAB CONYROU RN~ — ||

TEST FOR

VOLATILE HALOCARBONS

METHODOLOGY: EPA METHOD 601

OEHL #
BASE #

Bromodichloromethane
Bromoform

Bromomethane

Carbon Tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl ether
Chloroform

Chloromethane
Dibromochloromethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1.2-Dichloroetyane
1,1-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
Vinyl Chloride

16455
GN840191

EE555555555555588555583

'S »
B\géh

RESULTS IN MICROGRAMS PER LITER
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT
TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LINIT

L

REQUESTING AGENCY (Mailing Address)

BROOXS AFB TX

.......
.......

A
AMD TO8™. 641 REPLACES OEHL FORM 7,0EC 78, WHICH 1S OBSOLETE.

16456
GN840192

655555855855588655558583

& N
2883

§8&

16457 16458 16459 DET.
GN840193 GN840194 GN840195 LIMIT
ND ND ND 0.1
ND ND ND 0.2
ND ND ND 1.0
ND ND ND 0.1
ND ND ND 0.2
ND ND ND 0.5
ND ND ND 0.1
ND ND ND 0.1
ND ND ND 0.1
ND ND ND 0.1
ND ND ND 0.2
ND ND ND 0.2
ND ND ND 0.2
ND ND ND 0.1
ND ND ND 0.2
ND ND ND 0.2
ND ND ND 0.1
ND ND ND 0.1
ND ND ND 0.1
ND ND ND 0.2
ND ND ND 0.2
ND ND ND 0.2
ND ND ND 0.1
1.4 1.8 2.8 0.1
ND ND ND 0.1
ND ND ND 0.1
2.6 4.2 5.0 0.1
ND ND ND 0.1
ND ND ND 0.2

LeROY P. GEORGE, GS-12
Chief, Trace Organics Section
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DATE
a LABORATORY ANALYSIS REPORT AND RECORD (General) 25 Apr 84 r
T0: FROM: USAF OFHL7SK
Brooks AFB TX 78235
Ls‘a?"m.s"ui::m'rrv DAYE RECEIVED
WATER Well No. 4 27 Mar 84
FSAMPLE FROM CXE CONYROL NN~ —— 1
| I Otis ANG Base, MA
TEST FOR
VOLATILE AROMATICS
METHODOLOGY: EPA 602
ORHL # 16460 16461 16462 16463 16464
BASE # GN840196 GN840197 GN840198 GN840199 GN840200
BENZENE 2.1 1.7 ND<1.0 1.3 ND<1.0
CHLOROBENZENE ND<1.0 ND<1,0 ND<1.0 ND<1.0 ND<1.0
1,2-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0
1,3-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0
1,4-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0
ETHYLBENZENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0
TOLUENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0
RESULTS IN MICROGRAMS PER LITER
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT
TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LINMIT
LEROY P. GEORGE
Chief, Trace Organics Section
ERIC A. BANKS, 1Lt, USAF
Chemist, Trace Organics Section
REQUESTING AGENCY (Mailing Address)
USAF OEHL/ECQ
BROOKS AFB TX 78235
%L R el

AMD 0% . 641 REPLACES OENL FORM 7,DEC 78, WHICH IS OBSOLETE. '
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-
DATE

LABORATORY ANALYSIS REPORT AND RECORD (General) 24 Apr 84

-

TESTY

[SANPLE FROM

FROW: USAF UBHL7SK
Brooks AFB TX 78235

SAMPLE IDENTITY

WATER Well No. 5

DATE

27 Nar 84

Otis ANG Base, MA

LA

¥

VOLATILE HALOCARBONS

METHODOLOGY: EPA METHOD 601
16445 16447 16448 16449 16450
GN840181 GN840183 GN840184 GN84018S GN840186

OEHL #
BASE #

Bromodichloromethane
Bromofors

Bromomethane

Carbon Tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl ether
Chloroform

Chloromethane
Dibromochloromethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
trans—1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
Vinyl Chloride

55585566588 865558865885558858
55555858558 555855555885858¢88
5555555855558 58855858855888

55555558555 558555555858585888

RESULTS IN NICROGRANS PER LITER
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT
TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LIMIT

LeROY P. GEORGE, GS-12
Chief, Trace Organios Section

AM

REQUESTING AGENCY (Mailing Address)

USAF OEHL/ECQ
BROOXS AFB TX 78235

FORM

3

COOCOOOOOOOOOOLOOOOOOOOOLOLOOOLOLMDOS
N b bt it bt s N NN NN NN MBS AONHON M

sér sz 641 REPLACES OEHL FORM 7,DEC 78, WHICH IS OBBOLETE,
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RESULTS IN MICROGRAMS PER LITER
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT
TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LIMIT

LEROY P. GBORGE
Chief, Trace Organics Section

ERIC A. BANKS, 1Lt, USAF
Chemist, Trace Organics Section

REQUESTING AGENCY (Mailing Address)

USAF OEHL/ECQ
BROOKS AFB TX 78233

AMD $90%. 641 mepLACES OENL FORM 7,0EC 78, WHICH 1S OBBOLETE,
37
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OATE
F LABORATORY ANALYSIS REPORT AND RECORD (General) 25 Apr 84
T0: T
Brooks AFB TX 178235
[SAMPLE IDENTITY 124 8.0 (< 41" 4 Eemm———
WATER Well No. 5 27 Nar 84
[SAMPLE FROM LIW“’""J‘
Otis ANG Base, MA
M FEsT FOR
VOLATILE AROMATICS
METHODOLOGY: EPA 602
ORHL # 16446 16451 16452 16453 16454
8 BASE # GN840182 GN840187 GN840188  GN840189 GN840190
- BENZENE 2.5 ND<1.0 1.9 2.5 2.2
_ CHLOROBENZENE ND<1.0 ND<1.0 ND(1.0 ND<1.0 ND<1.0
1,2-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<¢2.0
§ 1,3-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0
- 1,4-DICHLOROBENZENE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0
F ETHYLBENZENE ND<1.0 ND<1.0 ND(1.0 ND<1.0 ND<1.0
R
T TOLUENE ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0

I

#U.S. GOVERNMENT PRINTING OFFICE 1984-769-036/438
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